Objective: Hospital environment has been implicated in enrichment and exchange of 29 pathogens and antibiotic resistances, but its potential in shaping the symbiotic microbial 30 community of the hospital staff is unclear. This study was designed to evaluate the 31 alteration of gut microbiome in medical workers compared to non-medical controls. 32 Design: Prospective cross-sectional cohort study. 33 Setting: Intensive care unit (ICU) and other departments from a center in northeast 34 China. 35 Subjects: 175 healthy medical workers (1-3 months short-term workers, n = 80; >1 year 36 long-term workers, n = 95) and 80 healthy normal controls. 37 Interventions: None. 38 Measurements and Main Results: Fecal samples of all subjects were analyzed using the 39 16S rRNA gene sequencing. Medical workers exhibited remarkable deviation in gut 40 microbial within-sample diversity and enterotypes stratification, and shift in overall 41 microbial structure. Short-term workers were significantly more abundant in taxa 42 including Lactobacillus, Butyrivibrio, Clostridiaceae_Clostridium, Ruminococcus, 43 Dialister, Bifidobacterium, Odoribacter and Desulfovibrio, and with lower abundances of 44 Bacteroides and Blautia compared with the controls. While long-term workers were 45 enriched in taxa including Dialister, Veillonella, Clostridiaceae_Clostridium, Bilophila, 46
/ 37
and Coprococcus compared with the controls. In addition, medical worker's working 48 years (short-term vs. long-term), hospital department (resident doctor vs. nursing staff) 49 and work position (ICU vs. not-ICU) revealed considerable effects on their gut 50 microbiome. Moreover, by analyzing the environmental samples (n = 9) around the 51 inpatient wards and the hospital, we showed that the gut microbiota of medical workers 52 was closer to environmental microbiota than that of the normal controls, probably in 53 correlation to lasting exposure to the pathogenic taxa (e.g. Pseudomonas) in health 54 workers. 55 Conclusions: Our findings demonstrated structural changes in the gut microbial 56 community of the medical workers. Further studies are proposed for investigating the 57 potentially physiological influence of the altered gut microbiome in medical participants. 58 Key Words: gut microbiome, medical worker, 16S rRNA gene sequencing, microbial 59 dysbiosis, intensive care unit 60 IMPORTANCE 61 In this study, we for the first time focused on the influence of hospital environmental 62 factors on gut microbiota of medical workers. The significance of our study is not limited 63 to revealing the remodeling effect of the hospital environment on the gut microbiota of 64 medical workers. Based on these, we also propose targeted and operational 65 recommendations that can promote the health of hospital staff. 66 INTRODUCTON 67 5 / 37 Unique chemical and physical conditions make the microbial community in the hospital 68 environment vastly different from the external natural environment (1-3). Even in the 69 same hospital, different regions usually have their own micro-ecological characteristics 70 due to the differences in selection pressure. Poza et al. compared the microbial 71 population in the entrance hall and intensive care unit (ICU) of a hospital in Spain, and 72 found that the microbial community diversity in ICU is significantly lower than that in the 73 former unit and the microbial composition in ICU is closer to the microbial populations of 74 ICU-hospitalized patients (1). A prior study has analyzed the surface microbial flora of 75 the medical ICU (MICU) and respiratory care center by using 16S rRNA gene 76 sequencing, and found that the more stringent cleaning system in MICU can lead to a 77 decrease in microbial community diversity and abundance of pathogens such as 78 Acinetobacter, Streptococcus and Pseudomonas (4). Studies on gut microbial strains of 79 preterm infants in the neonatal ICU revealed that almost all bacterial strains associated 80 with infant gut colonization can be detected in the hospital room environment (5). 81 Microbial ecology in hospital has also been preliminary verified to impact on the health 82 status of the hospital staffs (6). Scott Kelley et al. showed that the unique microbiological 83 characteristics of the hospital environment promote the occurrence of pulmonary 84 infections in staff (7) . Subsequent studies revealed that the healthcare workers had 85 higher incidence of Clostridium difficile infection (8) and may act as a potential vector of 86 infectious diseases (9). The revolutionary advancements in microbial DNA sequencing 87 6 / 37 technology have enabled us to study how microorganisms colonize and spread in 88 specific environments. However, the composition of gut microbiota in medical workers 89 and the influence from hospital environment are still unclear. Here, to investigate the 90 characteristics of the gut microbiome in medical workers, we compared the microbial 91 community composition of fecal samples obtained from 175 medical workers and 80 92 normal controls. We used 16S rRNA gene sequencing technology and bioinformatic 93 analyses to identify microbial diversity, compositional and functional characteristics of 94 the medical workers. Environmental samples (n = 9) of the hospital were also analyzed 95 to evaluate its effect on the medical worker's gut microbiota. Participants and sample collection 106 The First Affiliated Hospital of Dalian Medical University own more than 4,000 employed 107 7 / 37 doctors and staffs, approximately 3,700 beds and nearly 100,000 inpatients, with an 108 annual service volume of more than 2.5 million people. In this study, 175 full-time 109 medical workers, comprising 80 short-term workers who had entered the hospital for 1-3 110 months and 95 long-term workers for at least 1 year, were recruited. 49.7% of the 111 medical workers were from the ICU, which had 20 beds and treats more than 1,000 112 critically ill patients each year. The non-medical control group included 80 healthy 113 individuals who visited the same hospital for physical examination. Subjects of 114 short-term workers and normal controls had not worked at other hospitals in last half 115 year before participating in this study. 116 Subjects were excluded if they had symptoms of respiratory or digestive tract 117 infections, or if they were treated with antibiotics or anti-inflammatory agents in recent 118 two months prior to sampling. Subjects with severe obesity [body mass index (BMI) ≥32 119 kg/m 2 ], diabetes, metabolic syndrome, inflammatory bowel disease or severe 120 cardiovascular diseases (such as coronary artery disease or stroke) were also excluded. 121 All participants in this study were urban residents who lived in the city of Dalian, China. 122 Fecal sample collection. Fresh fecal samples were collected at the hospital from each 123 subject and stored at a -80°C freezer within 0.5 hours. Individuals with diarrhea, 124 constipation, abnormal fecal color, viscous stool (fat content over high) were excluded. 125 Environmental sample collection. Several environmental samples, including ventilation 126 system dust (air, n = 3), sewage (n = 3) and soil (n = 3), were collected around the 127 8 / 37 inpatient wards and the hospital. The dust of exhaust port was collected by sterile cotton 128 swab at the ICU (n = 2) and other wards (n = 1). Soil samples were collected 129 approximately 10 cm 2 (per sampling site) within 20 meters of the building which 130 contained the ICU ward. One-liter bilge water from sewage outlet was collected at 131 sewage treatment tank of this building. Each environmental sample was pooled from 3-5 132 sampling sites. Transport samples in an insulated transport container with frozen gel 133 packs and dry ice to keep the samples cold. All samples stored at -80°C prior to DNA 134 extraction and chemical analysis. performed for quality control and to feature table construction using the DADA2 164 algorithm (11). Possible phiX reads and chimeric sequences were removed, and the 165 remaining reads were truncated from 0 to 260 bases (for both forward and reverse reads) 166 to avoid the sequencing errors at the end of the reads. Paired-end reads were 167 overlapped at the maximum mismatch parameter of 6 bases, which means a minimum 168 similarity of approximately 90% on the overlap region of the forward and reverse reads. 169 The representative sequences (named "feature" in QIIME2 nomenclature) were then 170 generated by removing the redundant and low occurrence (n < 5 in pool samples) 171 sequences. We used the term "operational taxonomic unit (OTU)" instead of "feature" in 172 the whole article for convenience. Phylogenetic analysis of OTUs were realized via the 173 q2-phylogeny plugin, and taxonomic assignment of the OTUs were determined via a 174 pre-trained Naive Bayes classifier (trained on the Greengenes 13_8 99% OTUs (12) Content 1), indicating that the status of medical work was one of the main reasons in 235 shaping the gut microbiome in our cohort. 236 To investigate whether the gut microbial diversity and structure are differed between 237 medical workers and normal controls, first, we assessed the microbial (alpha) diversity Figure 4B ). Importantly, a genus which dominated in the environment samples, 323 Pseudomonas, was significantly more abundant in the LT group than the ST and NC 324 groups ( Figure 4C ). These findings suggested that working in the hospital was correlated 325 with alterations in the gut microbiota of the medical workers. rare. Moreover, we didn't collect the skin or respiratory tract samples of the medical 422 workers which were more likely to be affected by the environment. 423 In this study, we for the first time focused on the distinct features of gut microbiota of 424 healthy medical workers. The significance of our study is not limited to suggesting the 425 remodeling effect of the hospital environment on the gut microbiota of medical workers. 426 Based on these, we also propose targeted and operational recommendations that may gut microbiota. Nature immunology 2013;14 (7) 
